1. Overview {#s0010}
===========

The enzyme-based therapeutics became an integral part of modern medicine mainly due to their selectivity and efficiency [@bib0010], [@bib0015]. In general, the enzymes are basically proteins that possess the tremendous catalytic capacity and offer robust implications in modern healthcare [@bib0020], [@bib0025]. Inflammation is a physiological response (immune response) against infection, injuries, autoimmune disorders and several diseases. In order to maintain physiological homeostasis, acute inflammation is essential and requires complete resolution [@bib0030]. The resolution of inflammation defines tissues homeostasis and balanced immune activity. However, failure of self-resolution of acute inflammation results in chronic inflammation and remains a major challenge [@bib0035]. Enzymes were first used as an anti-inflammatory in modern medicine in the 1950s when it was discovered in the United States that intravenous trypsin could relieve inflammation caused by rheumatoid arthritis, ulcerative colitis, and atypical viral pneumonia as well as post-surgical swelling and bruises caused by sports injuries [@bib0040], [@bib0045]. As per reports published, Japanese began using serratiopeptidase for inflammation in 1957. The increasing success of enzyme therapeutics leads to the application of empirically encapsulated enzyme, including trypsin, chymotrypsin, and bromelain via oral administration [@bib0035]. Over the 1980s and early 1990s, Japanese and European researchers compared several enzymes for potential anti-inflammatory activity, and their study indicated that serratiopeptidase was the most effective of all of them in reducing the inflammation response [@bib0050]. Currently, serratiopeptidase became widely used in Japan and Europe as the anti-inflammatory and pain treatment of choice [@bib0055].

2. Mechanism of inflammation {#s0015}
============================

Inflammation is a protective measure which evolved in advance animal to combat primarily injury and infection [@bib0060]. The immune system rapidly responds to any foreign and unwanted change in the tissues, leading to recruitment of immune cells and several other inflammatory mediators. In another word, inflammation is a cleaning process of invading elements and noxious changes leading to maintenance of homeostasis [@bib0065]. The acute and chronic inflammation is categorized based on the intensity of trigger and a pathological condition of the tissues. The molecular biology of inflammation is quite complex and associated with enormous numbers of player, including infectious agents, proteins, short peptides, enzyme, and hormones, etc [@bib0070]. The external signal is the core element for causing both acute and chronic inflammation later. More important, internal triggers became more devastating in the modern period. Autoimmune disorders such as rheumatoid arthritis (RA) are much more difficult for treatment as our internal biomolecule start acting as a trigger for the immune system [@bib0075]. The inflammation lead to several life-threatening diseases and disorders became a major hallmark [@bib0080], [@bib0085]. However, the pathogenesis, i.e., both the cause and effect of inflammatory diseases, is difficult to pinpoint [@bib0090].

Modern research findings have revealed that inflammation plays a critical role in promoting cancer, in particular, the tumourigenesis, and a process of tumor formation [@bib0095], [@bib0100] ([Fig. 1](#f0015){ref-type="fig"}). In addition to cancer cells, various types of immune cells are commonly found in tumors. Inflammation, both acute and chronic, leads to the production of physiologically active bio-molecules like interleukins, cytokines and other short peptides like kallikreins associated with the fine tuning of the immune system [@bib0100], [@bib0105]. These pharmacologically active molecules further lead to the building of a microenvironment ideal of tumor growth. The most difficult scenario of inflammation and associated physiological changes has been reported in brain and another part of neuronal tissues [@bib0110]. An infection, injury, and entry of harmful molecules trigger the immune system rapidly. Meningitis is a serious disease in which there is inflammation of the meninges, caused by viral or bacterial infection, and marked by an intense headache and fever, sensitivity to light, and muscular rigidity [@bib0115]. The consequence is activation of several other metabolic pathways like IKK-β and JNK1-mediated chronic inflammation [@bib0120].Fig. 1A detailed overview of various causes resulting in inflammation. Both environmental and endogenous factors are equally associated with the generation of inflammatory mediators and these mediators further affect tissues of normal homeostasis by affecting blood and lymph flow.Fig. 1

3. Therapeutics to combat inflammation {#s0020}
======================================

The NSAIDs are leading drugs prescribed to combat both acute and chronic inflammation in the modern times [@bib0125]. NSAIDs are chemically synthesized and designed to block the production of inflammatory mediators via competitive inhibition of COX-I [@bib0130]. COX-I is a key enzyme which catalyzes the breakdown of arachidonic acid, a 20 carbon fatty acid. The stimuli (external and endogenous) switch on the degradation of membrane phospholipid via activation of phospholipase [@bib0135]. Cyclooxygenase (COX-I) is primarily responsible for large scale production of cytokines and interleukins after mechanical injury and infection. The NSAIDs more likely provide a symptomatic relief rather than cure [@bib0140]. These medicines are also associated with several complications and limitations.

The long-term use of NSAIDs often leads to a negative impact on liver and renal system. These drugs are reported with several side effects and adverse drug reaction which can be mild to severe ([Fig. 2](#f0020){ref-type="fig"}). The most common side effect of long-term use of NSAIDs is gastric bleeding [@bib0145]. The etiology of infection is much more complex and at the molecular level, there are several players involved in different types of inflammation. For example, autoimmune disorders like rheumatoid arthritis further require an effective dose of steroids such as prednisolone in an advanced stage. The long-term use of steroid alone or in combination with NSAIDs affects immune system severely [@bib0150]. These existing complications of chemical based anti-inflammatory drugs led to the discovery of biological molecules, a special enzyme to replace conventional drugs [@bib0155].Fig. 2A detailed mechanism of steroidal and NSAIDs used to combat inflammation. The inhibition of CoX I and lipoxygenase pathways is the primary cause of side effects by NSAIDs.Fig. 2

4. Enzymes as therapeutics {#s0025}
==========================

Enzymes play an integral role in a biological world by offering their potential as a biocatalyst [@bib0160]. With their broad substrate affinity and robust catalyst, activity enzyme has been used for many decades in different areas including industries, agriculture, research, and development [@bib0165], [@bib0170]. However, the therapeutic application of enzymes became vital in the current century as emerging novel diseases and failure of conventional drugs. Since the last few decades, different enzymes have fulfilled our therapeutic need in cancer treatment, curing blood vascular disorders, enzyme deficiency disorders and an alternate for anti-inflammatory drugs [@bib0175], [@bib0180]. It\'s quite interesting among various classes of enzyme one group called serine protease had shown tremendous scope in modern medicine. Serine proteases are widely present in the biological world, including animal, plant, and microbes. Serine proteases have a long history of therapeutic applications; tissue plasminogen activators either from animal or microbial sources are the most effective way to cure vascular disorders [@bib0185], [@bib0190]. Treatment of various kinds of tumor and cancers, including acute lymphoblastic leukemia (ALL), relies on enzyme like l-asparaginase and l-glutamine [@bib0195]. Caspase, a native proteolytic enzyme, had shown tremendous scope in the management of cancer and fighting against different classes of viruses [@bib0200], [@bib0205].

5. Serratiopeptidase as alternate anti-inflammatory drug {#s0030}
========================================================

Serratiopeptidase (EC No 3.4.24.40) has a long history in medicine and is widely used to combat various kinds of inflammation and inflammatory disorders [@bib0210]. Serratiopeptidase or serrapeptase is a protein (proteolytic) enzyme isolated from the non-pathogenic enterobacteria *Serratia E15* found in silkworms. Serratiopeptidase often prescribed in various specialties like surgery, orthopedics, otorhinolaryngology, gynecology and dentistry for its anti-inflammatory, anti-endemic and analgesic effects [@bib0215]. In the research in recent years, exploration illustrated enzyme also plays a vital role in the management of atherosclerosis as it does possess fibrinolytic and caseinolytic properties [@bib0220]. Like most enzymes, serratiopeptidase also possesses broad substrate affinity and has been to be reported therapeutically useful in the management of pain and inflammation. The concept of enzyme promiscuity [@bib0225] is not yet reported in serratiopeptidase but recent research finding suggests enzyme significantly binds with a different substrate.

5.1. Resolution of inflammation {#s0035}
-------------------------------

Every health system possesses both pro and anti-inflammatory molecules and balance between brings tissue homeostasis [@bib0230]. Lipid mediators primarily derived from polyunsaturated fatty acids (PUFAs) are a key player for resolution of inflammation ([Fig. 3](#f0025){ref-type="fig"}) [@bib0235]. These molecules known as specialized pro-resolvin mediators (SPMs) are lipoxin, resolvin, protectin and meresins [@bib0240]. The w-3 and w-6 PUFAs under LOX-mediated catalysis result in different kinds of lipid mediators. Among these, E (RvE) and D (RvD) series resolvin are leading pro-resolvin mediators to drive resolution of inflammation [@bib0245]. Eicosapentaenoic acid (EPA) derived resolvin E (RvE; RvE1, RvE2 and RvE3) and docosahexaenoic acid (DHA) derived resolvin D (RvD; EvD1-RvD5) are associated with a number of physiological events [@bib0250]. Now, LOXs (5, 12 and 15 LOX) are key enzymes which catalyze the biosynthesis of SPMs and non-specific inhibition of NSAIDs affects native inflammation resolution [@bib0055]. New generation NSAIDs are effective as COX-II specific but their clinical applications remain questionable. Hence, researchers find more concern on enzyme based agents and are seeking more specific drugs like anti-inflammatory agents. Here, serratiopeptidase and similar enzyme (enzyme) indirectly assist resolution of inflammation as they do not affect LOX-catalyzed SPMs production.Fig. 3Scheme of resolution of inflammation: causes, acute and chronic inflammation.Fig. 3

5.2. Molecular mechanism {#s0040}
------------------------

There is very little evidence about the molecular mechanism of serratiopeptidase as an anti-inflammatory agent. However, serratiopeptidase was reported to have a direct effect on the movement of immune cells. Enzyme regulates recruitment of PMMs and other lymphocytes at the site of inflammation [@bib0255]. A recent finding has suggested that serratiopeptidase reduces capillary permeability induced by histamine, bradykinin, and serotonin; breaks down abnormal exudates and proteins; facilitates the absorption of decomposed products through blood and lymphatics [@bib0245]. Further, enzyme promotes wound healing and repair and restores the skin temperature of the inflamed area, burn or trauma to normal. The activity of serratiopeptidase remains stable and offer more efficiency in combination with the addition of metal ions like zinc and manganese [@bib0260]. Serratiopeptidase has been shown to be absorbed from the digestive tract. Less is known about its absorption from intestine but clathrin mediated endocytosis could be involved in mechanism. On oral administration, it is unchanged when absorbed into the systemic circulation, from where it penetrates into all tissues. It reaches high concentrations in the inflamed tissues. It attains peak levels in one hour [@bib0265]. Unlike conventional anti-inflammatory drugs (NDAIDs), serratiopeptidase does not bind with LOX and block LOX-catalyzed SPMs biosynthesis [@bib0270]. More likely, serratiopeptidase was reported to have an effect in regulating immune cell migration from lymph node to inflamed and injured tissue [@bib0275]. Such unique mechanism and broad substrate affinity suggest a role of the enzyme in bringing tissue to normal condition i.e. maintaining homeostasis. Being a serine protease with immense proteolytic activity, the enzyme could participate in wound cleaning and healing [@bib0280].

A research finding in 2015 by Chappi et al. has concluded that methylprednisolone affords better pain relief while serratiopeptidase exerts better anti-inflammatory and anti-swelling effects in the postoperative period [@bib0255]. Further, synergistic combinations of methylprednisolone and serratiopeptidase proved to be more effective when extensive post-operative sequelae are expected. In the year 2015, serratiopeptidase loaded chitosan nanoparticles were analyzed for the effective anti-inflammatory drug in different inflammatory disease models [@bib0285]. The enzyme was also reported effective in the treatment of peri-implantitis in combination with several antibiotics. In the last few years, massive research findings have been made in finding novel drug delivery methods for serratiopeptidase [@bib0250]. The use of ciprofloxacin and serratiopeptidase periodontal solutions for extended drug delivery was studied in 2014. In a comparative study, the anti-inflammatory activity of serratiopeptidase with dexamethasone in the control of inflammation was demonstrated [@bib0290]. Serratiopeptidase along with broad spectrum antibiotics was employed in the treatment of osteoarticular infection. In a study, Okumura H et al. have illustrated proteolytic enzyme like serratiopeptidase is effective in the treatment of osteoarticular infection [@bib0295].

5.3. Therapeutic application of serratiopeptidase {#s0045}
-------------------------------------------------

The medical use of serratiopeptidase, primarily as an anti-inflammatory enzyme-based drug, has a very long history. Several findings have suggested enzyme alone or in combination with other drugs reported to have an effect on sinusitis and bronchitis, atherosclerosis, carpal tunnel syndrome, rheumatoid arthritis and other autoimmune diseases [@bib0300]. The exact molecular mechanism of serratiopeptidase is not known completely but research findings have demonstrated that enzyme possesses the unique ability to dissolve the dead and damaged tissue that is a by-product of the healing response without harming living tissues [@bib0305]. Serratiopeptidase also works by modifying cell-surface adhesion molecules. These cell surface adhesion molecules are directly and indirectly responsible for inflammation and bringing immune cells in damaged tissues [@bib0310]. A study by a team of Italian researchers suggests that proteolytic enzymes such as serratiopeptidase could significantly enhance the effectiveness of antibiotics against biofilm and can inhibit biofilm formation. Serratiopeptidase has been shown to enhance the activity of several antibiotics including ampicillin, ciclacillin, cephalexin, minocycline and cefotiam [@bib0315].

The clinical use of sserratiopeptidase during allergic conditions was studied and it actually reduces the thickness and viscosity of the mucus and improves the elimination of it through bronchopulmonary secretions [@bib0320]. The use sserratiopeptidase as an expectorant is rarely reported in any kind of literature but being a proteolytic enzyme it can replace the use of histamine and antihistamines in expectorant formulations. The enzyme serratiopeptidase was also used in the successful treatment of fibrocystic breast disease to help reduce swelling and pain with 25% of the patients receiving the enzyme reporting moderate to marked improvement with no adverse reactions [@bib0320]. Another promising area is the use of serratiopeptidase to break down atherosclerotic plaque. Khateeb et al. have demonstrated the role of serratiopeptidase in the management of ortho-dental inflammatory syndrome [@bib0325]. Because the enzyme digests non-living tissue and leaves live tissue alone; it may be effective in removing the deposits of fatty substances, cholesterol, cellular waste products, calcium and fibrin on the inside of the arteries. The fibrinolytic (clot removal) activity of serratiopeptidase may also be able to help with thickened blood, increased risk of stroke, and phlebitis/thrombophlebitis.

6. Conclusion {#s0050}
=============

Inflammation and inflammatory disorders are the leading cause of death and physical deformities in the modern world. The most difficult challenge in the management of an inflammation is finding its exact cause at the molecular level and appropriate medication. As, immune system both cell mediate and humoral are centrally involve the inflammation hence management of inflammation remains complicated. In general, inflammation is defined as an excessive localized edema due to an enhanced vascular infiltration at the site of inflammation. Both acute and chronic inflammation are characterized by different sets of metabolic pathways triggered by different stimuli with external or endogenous or both. The autoimmune diseases and disorders are the most challenging in finding ideal therapeutics. Over many decades, symptomatic relief of inflammation was achieved by use of synthetic compounds like NDAIDs and steroids in chronic cases or both. As we stated above, the inflammation is a complex immune response based on various kinds of stimuli and may not be cured by common drugs. As a result, most of the anti-inflammatory drugs are associated with severe side effects and adverse drug reactions. These drugs are associated with symptomatic relief rather than cure.

In the last one decade, use of biological molecules like proteins (enzyme) as therapeutics emerged as one of major areas of modern medicine. Several enzymes are approved for clinical uses for many life-threatening diseases and disorders like t-PA and staphylokinase as clot buster and l asparaginase as an anticancer drug etc. Similarly, a serine protease from microbial sources has shown tremendous scope in the cure of various kinds of inflammation and inflammatory disorders. Serratiopeptidase is a serine protease with a molecular weight 60 kDa has been significantly reported for its potent anti-inflammatory activity. The clinical use of enzyme was reported for many diseases like arthritis, sinusitis, inflammatory bowel disease (IBD) and bronchitis etc. The current challenge toward developing serratiopeptidase into an effective broadspectrum anti-inflammatory drug is due to lack of precise molecular mechanism. This proteolytic enzyme was reported effective in many diseases precisely during surgical events for a long time, but there is a lack of research evidence and available literature. The current study again emphasizes the potential of the enzyme as broad spectrum anti-inflammatory drugs with minimal side effects and complications.
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